In March 2006, the International Research Institute for Climate and Society (IRI) hosted a two and a half day workshop on "Tropical Cyclones and Climate". The centerpiece of the workshop was a set of invited lectures, with a modest number of contributed oral presentations and a small poster session. Relatively lengthy discussion periods were built into the schedule 1 , allowing in- at least in part to these developments, the workshop attracted more interest than we had expected.
Cover: NASA image of Hurricane Emily. The Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA's Aqua satellite captured this image at 14:20 p.m. local time in Cancun, Mexico, roughly one day after Emily returned to open waters. At this time, the storm was a Category 1 storm with winds of 150 kilometers per hour (85 knots), slightly stronger than when it first moved off the Yucatan Peninsula the day before. It left a wide swath of damage behind it, but with no reported casualties attributed to the storm.
The International Research Institute for Climate and Society (IRI) was established as a cooperative agreement between U.S. NOAA Office of Global Programs and Columbia University.
were female, and 12% were from foreign institutions. 20 were graduate students and one was a high school student. In addition to these registered participants, a small number of scientists from the Columbia community attended informally for some or all of the workshop.
Much research has looked at the influence of climate variability on tropical cyclones properties (e.g. Nicholls (1979) ; Gray (1984) ; Liebmann et al. (1994) ). ENSO (El Niño/Southern Oscillation), for instance, is observed to have an important impact on the number, location and tracks of tropical cyclones in some regions. On shorter, sub-seasonal time-scales, the MJO (MaddenJulian Oscillation) phase may suppress or enhance the formation of tropical cyclones. A variety of other phenomena also influence tropical cyclone activity, including the QBO (Quasi-biennial Oscillation), decadal variability of the sea surface temperature in the North Atlantic, and others.
Not as much attention has been given to the influence of tropical cyclones on the larger-scale climate. This influence has been emphasized in a few studies studies (e.g. Emanuel (2001) ).
Tropical cyclones, for instance, alter the surface temperature of the ocean over which they pass (Price 1981) .
The influence of climate variability on TCs was one theme of the meeting, emphasized on the first day. Fréderic Vitart (European Center for Medium-Range Weather Forecasts -ECMWF), Lennart Bengtsson, and Kevin Hodges (University of Reading) discussed the simulation of TCs in general circulation models (GCMs), using the ECMWF and ECHAM5 models, respectively. This is a thorny question, as GCMs, particularly when run in climate mode, have resolutions too low to represent TC physics with high fidelity. Yet, such low-resolution models are the only ones which are usable for long climate simulations, and they do form TC-like vortices whose statistics (such as the climatological annual cycle in some basins, and some aspects of interannual variability) can to some degree resemble those of observed TCs. The ECMWF model shows a small but significant of impact of greenhouse gases, with an overall decrease of the tropical cyclone frequency in most basis. The ECHAM5 model also shows a slight reduction in the number of tropical storms, but no overall increase in intensity in spite of a SST warming by 2-3
• C, and a reduced activity in the The afternoon of the second day focused on TCs in past climates. This session featured three presentations on paleotempestology, the study of past hurricane activity using proxies in the geologic record. Kam-biu Liu (Louisiana State University) analyzed coastal lake sediments, which record past hurricane strikes through microfossil data. Using proxy records from the Gulf Coast, Liu finds that the return period for catastrophic Atlantic hurricanes is approximately 300 years and that a hyperactive period occurred 3,800-1,000 years ago.
Jeffrey Donnelly (Woods Hole Oceanographic Institution) described new proxies that his group has been developing. Fossil trees, for instance, may be able to provide high-resolution archives Christopher Landsea (National Hurricane Center) addressed the quality of the TC best track data, especially in the Atlantic, with particular attention to what can and cannot be inferred about trends in intensity during the 20th century as discussed in recent papers (Emanuel 2005; Webster et al. 2005) . Landsea pointed out the increase in the number of in situ measurements per storm over time as one factor confounding the detection of trends. Other issues are the evolution of the Dvorak technique, which makes the intensity estimates inhomogeneous, and the variable amount of satellite coverage throughout the years. All these problems point to the strong necessity for a reanalysis to be performed over all basins, leading to a new best track dataset appropriate for climate studies.
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This workshop brought together scientists working on different aspects of the relationship of TCs to climate, including segments of the community who typically have little contact with each other. Discussions were stimulated between climate scientists and TC experts, modelers and paleoclimatologists, physical and social scientists. It focused on issues of great interest to the media, the public, and the broader scientific community, but also drew attention to relatively unexplored areas where much more attention is warranted. We hope that some of the graduate students and post-docs who attended the workshop will constitute part of the next generation of scientists who will tackle these important problems.
